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(54) Method of producing anisotropic ferrite magnet, anisotropic ferrite magnet, hexagonal ferrite 
particles, and method for producing them 

(57) A slurry containing the particles of the raw mate- 
rial for a ferrite magnet and an organic solvent is wet- 
compacted in a magnetic field, while said organic solvent 
is removed, to obtain a compact, and the compact is sin- 
tered to obtain an anisotropic ferrite magnet. In this case, 
a surface active agent is allowed to exist in the slurry dur- 
ing the wet compaction. Alternatively, in addition to this 
or in place of this, the particles of the raw material for a 
ferrite magnet are pulverized to obtain strains of 1x1 0" 4 
or more in the (206) planes, as measured by X-ray dif- 
fraction, thereby reducing the iHc to preferably 3.5 kOe 
or less. This introduces some considerable improvement 
in the degree of orientation of the compact, giving very 
high magnet properties. 
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Description 



BACKGROUND OF TU P INVENTION 
s TECHNICAL FIFI r> 

'» BACKGROUND TECHNIQUE 

Currency available oxide permanent magnet materials, for the most part, are Sr ferrites based on an M rvne hp* 
ag°naor^ 

the residual magnetic flux density, Br. of the properties of a magnet, it is important to incrase^s deS Z 
rs anisotrop,c by magnetic field pressing. In order to enhance another magneVproperty ^^«SZtaTiT?£ 
'^Sofarsintl^^^ 

is J^JSS^ETfS? "<f r J l f ^ b6en pr0dUCed the fo,lowin 9 ™™« That is to say. iron oxide 
MflS S£ rtSf. n f W 2 ^ m,XtUre iS * en CalGined for 4,16 com P |etion * * s ^c reaction. After 
. malnel ^rt7s re^rLd ta^ol^T"f * "^TT*? 3 3nd Sin1ered - ln °* er t0 increa *« the He of a 

Pulverization or the compaction of powders in a magnetic field may be achieved in two ways sav a drv wav and a 
25 wet way us,ng a solvent. The wet procedure makes it easier to reduce Lite partSes to™ or'S wheJ SSSj 

^<EE2S£S 1.*^*"^ enhanCin9 PerformanCe ° f 3 m39n7 - weTbecTse or^em 
beer! lused ™ fS? solvert C ° mpaCt ° n ' n 3 ma9netic ,ield - For such we » Pulverization, water has conventionally 

30 thpr^i c 8 2 herhand ' increasin 9 1,16 ^OP 0 ^ 0 "^ single-domain particles may be achieved by co-precipitation hydro- 
conventona. ways in which fine materials are mixed together with high accuracy ^^nX mixture 
tiSSSZfZSf^ «T P -* U "» at n ° 8*" 9^ occurs. These procedures make it possible to 

S * SJSKT 9 ,n ran9e 01 001 to 1 m - 811,8 a,lowin9 ^ particles to have a ™ < a 

35 m»olIJf ~ nSidered "f 8888 * to use sucn ,ine Parte' 65 ^ as to increase the performance of an oxide permanent 

degrSes^atno^T ^2*°?° m39net * pr0dUC6d with such ,ine rts iHc is in ^eased. but its Br 

oX2 JESt Z I ? ^T? r impr0V,n9 te magnetiC chara ^"stics. And the reason for this Br degradation 

ttJ£u Z rJn^lT^l 0t *S d69 o e * ° rientati0n iS th3t 85 the Siz6S 0f ,errite P artic,es bec °™ smaller 
well S mSfo^a ^1 *V» d6r . of 01 ^ or ,ess and t" 6 magnitude of magnetization (as) is reduced as 

force! ^SSSSZ 1 P !, ma9neti ° fieW 3re diminished - Another reason is « as *• 

Sffor heSc^ 

«s forth in *o lEiS h ^ , *\ eBa , ,emte DOwder of 01 to 0.3 urn, for instance, has reached a high of 4650 Oe, as set 
SwdL of T^ P V k ^ ,n JP " B 62 " 53443 ' bUt the 35 iS 35 ,OW as 44 emu/ 9- Ukewis * JP B 49-38 91 7 refers to 
powders of Urn or less hav,ng an ,Hc value as high as 4250 Oe. but makes onlyamention of rubber magnet production 

DISCLOSURF OF THF I NVENTION 



A primary object of this invention is to eliminate the problems associated with the conventional magnets mentioned 
and ite VSSZ " aniS t° PiC h ferrite ma9n6t mUCh m ° re impf0Ved in t6fms 0f PerformanceLn eveS 
l"riuctToTZ P 35 We ' 35 heXa9 ° nal SyS,6m ^ P 3 ™ 65 that are the raw mate rial therefor and their 



production process. 

These and other objects are achieved by the present invention which is defined from (1) to (3) below. 

matiiTf^ ferrite magnet by compacting a slurry containing particles of the raw 

material for said ferrrte magnet and an organic solvent in a magnetic field while removing said organic solvent to 
obtain a compact and sintering said compact, wherein: 
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compart SUrfeCe 3CtiVe a9em ' S a ' l0Wed t0 8X181 SlUrry ' thSreby im P rovin 9 *» de 9 re e of 
SiES? ? Pr ^ UCin9 a " aniS0tropic ,errite ""A"* 35 «*»ed in (1), wherein said slurry is obtained by the w 
^S^ics^nt^ " 9 ^ PWd " > 01 *• * the raW materia ' for — ^ ™S 



Sic ^r^^l^^ 9 " 6 * 35 r6Cited in (1) 0r (2) ' « h « h the <* *e raw material for 

said ferrite magnet or their starting powders are prepared by the dry pulverization of the calcined powders 
(4) A process for an anisotropic ferrite magnet as recited in any one of (1)-(3), wherein said s^yT^Led bv 

haw *^^ 



ZZtoZZ Z T k Sran " 19 1™"** 01 1,16 P 3 ^ 0165 01 * e raw serial for said ferrite magnet and then the 
substitution of a solvent by said organic solvent 
ilntT c °^?[ P ? du ? n ? an ani sotropic ferrite magnet as recited in any one of (2)-{4). wherein said surface active 
S7^3fV° ^ 09 P0Wd6rS ° f 4,16 PartiC,eS °' ^ ,errite P rior * ** 01 ™» pulveSon 

S £££ P T 9 r aniSOtrOPiC ferrite ma9net 38 recited in ° ne * wherein safo sLy is 

E * PU ' V f nZati0n ° f the Startin9 P 0 ^^ of the P artic,es of ,he raw material for said fe^e 
W A process for producing an anisotrop.c femte magnet as recited in any one of (1)-(6). wherein the particles of 
he raw material for said ferrrte magnet in said slurry have a mean particle diameter of 1 ^ or S P 
SriJ^ 688 - r Pr( Sli C " 19 an anisotr °P ic ,emte maQ net as recited in (7). wherein the coefficient of variation of the 
particle diameters of the parties of the raw material for said ferrite magnet is 80% or less 
(9 A process for producing an anisotropic ferrite magnet as recited in any one of (1 )-(8) wherein crystal strains are 

H Lmi P <Tn Pr °^ UC ' n9 a " an,sotr °P ic ferrite «8"« ^ recited in any one of (1)-(9), which has a mean grain 
diameter of 1 .0 jun or less with the coefficient of variation reduced to 80% or less 

(11) A process for producing an anisotropic ferrite magnet as recited in any one of (1)-(10) wherein the deoree of 
"T?™-^™** in ,erms of the rati0 * - Won magnetization to residua! mLiirtJ^^^ 



Pr °!f SS * 0r P ^f ucin9 an a ™sotropic ferrite magnet as recited in any one of (1)-(13). wherein said surface 
SdS 

SJiSSm^SHTl 3 h ani ^ tr ° PiC ferrite ma9net 35 rSCited in any 0ne of < 1 H14). wherein said surface 
?Sl SSiSSf SUrfaC6S ° f thG Part ' CleS ° f the raw material sa^ ferrite magnet in said slurry. 

2em P h r at^ 

ITnt'h^ 

22^S^? pr0dudng an anis0fr 0Pic ferrite magnet as recited in any one of (1)-(1 8), wherein during the wet 
(20) A process for producing an anisotropic magnet by pulverizing the starting powders of a hexagonal system ferrite 
ed^ 

compart compacting the particles in a magnetic field to form a compact and sintering said 

^a^eTs^^ys 3 " aniSOfr0PiC ** * ^ the (206) plane is 1x10 ' 4 ° r 

(22) A process for producing an anisotropic ferrite magnet as recited in any one of (20) or (21) wherein said hex- 

srr^crsrss^^srjsss- »«■ — — — 

" p ™ aucinfl an "tow**! terrlte magna as recited in any one of '(20)-(23). wherein the degree of 
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(27) A process for producing an anisotropic ferrite magnet as recited in (26). wherein said wet oulverization is r^m^ 
1"* h35 . a mea " ^ " dlamS,e ' 01 1 0 " m " '•«•"«• »» COMicMrtvariaSoo 

L 3 aS£X u srs w 

THE EFFECT OF T HE INVENTION 
particTe^^ 

the M ^Sfe rrl 2. > h " Pu 5' e "" ti0a Whin the ,errite particles havi "9 an >■* value of 3 5 kOe, especia ly 
rZZSt P 3V,n9 1,16 ,HC V3lue 01 3 108 or less are dispersed in an organic solvent for the wei 

l^ecSlvl^Tm^^ - W*«fion and saturation magnetization is increasingly improved S^S^ 
40 ZJiSS^i^T *« C ° mpaCt 3nd t0 96% ° r more ' especial| y- 97% ° r ™* in case of 

r«T!S£2L^ eff8Ct °£ imprOV,n9 1he d6gree 0f 0rientation based on th « combined use 

or ine organic solvent with the surface active agent for compacting in a magnetic field is svneraisticallv adderi to th« 

ff^STS?' 01 dUS 10 the action placed bythe ^t5rT!5?o^S^ 

beSfslsTdS^ SUrf3Ce aCtV6 39ent iS un " ke,v to - main as a 

thJ^'lXSSZ T net S PartiCleS in 3n ° r0aniC SO,Vent has been known to be ^ective as means for dispersing 
ofmag^ 

neve^n^^^^ 
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(1) JP-A 61 -1 14505 publication 

This refers to permanent magnets based on rare earth-iron-boron, and discloses the wet oulverization usino *n 
orgaruc solvent with a view to preventing the oxidation of the starting powders. Pulver.zat.on us,ng an 

(2) JP-A 61-291901 publication 

(3) JP-A 61-236109 publication 

(4) JP-A 64-42105 publication 

rmS,t1Z S be j* 0< " ,,:ea «*" * *• P****" of to raw material for ^* 

a^aonetSS T7 ^ ^ diSperSed h - ,0r inStance > an **ry *» the wet emotion in 

mTgnS^ 

th™! !w !! 9 y improved: rt reaches as h '9 n as 74% in the case of the compact and as high as 94% in 

40 Llti^ZlTw* P B CryStal Strams and coercive forces the compacted powders. This makes it 

possble to obta.n higher magnet properties than ever before, say. Br of about 4.2 kG and iHc of about 4.2 kOe. 

BRIEF DFSfiRIPTiOM n F THE DRAWINGS 

« i™JS*V i,,US 5 a ,! es one of 816 P»'"«Ples of improvements in the degree of orientation according to the present 
.Z5E I 9 "' 6 Strat6S 9raPhiCa " y chan 9^y-P^eri 2 ation in the delation of the os and iHc 0 spec!i C surface 
4 r«ri^ SySt ! m fe ? e R9Ure 3 iS 3 9raph showin 9 «P«* B " H «™» - one ferrrteSe Sure 

4 represents the pulvenzation processes used in Examples 1-3 and Comparative Examples 1-3 Figure 5feahisto2am 

o « "tered compact obtained tqr sintering the compact of Example 1. Figure 7 is a graph 

depTde^ 

BEST MODE FOR CARRYIN G OUT THF [NyENTION 

fhp »ln!o WS ' I e j" ustrative '^ruction of the present invention will be explained at great length. 

The an,sotrop.c ferrrte magnet according to the present invention is primarily composed of hexaaonal svstem ferrite* 

a^oTr^ 
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im J?« f fh ^^sotropic magnet made up of the sintered compact of such ferrite according to the present 

invention, the predeterm.ned raw materials are first mixed together, followed by calcination In orderto obtSr f iS^Sl 
particles after calcination, for instance, it is desired that in rnTxing. an mJSSSS^SSn ^^XSSStSZ 

ise^ndr 3 ^ u r p red 

« , Z n ■ 6 M **** ferrrte Powdere ''es at 65 to 71 .5 emu/g and the coercive force iHc lies at 2000 

SSS 1,1 ^ rt,CUlar - ^ ° f the M tyPe ferrite ,ies at «>°° * 8000 Oe. NSS^tSSSSSS 

the calcned powders are not limited to those mentioned above, as will be described later dimeters of 

munTI?* ?' C,n ? d powders are Prized. Preferably, the bHc of the particles is reduced by introducing crystal 

88 mSnti0ned ^ Snd me "Ration os is made Sot E the theorS 

« aTe inc et^of T rat6 t0 9 ether ' because co ^ed to sing^omain partjc.es so^rhatThe iHc and I bHc 

S rSTf , . nS^^TJfT ^ I" 6 " 1 - 8 ^ ***** them anisofr °P ic » a field is 

sauare ofth^ ™™I « T *?/ ttra ?' on or agglomeration forces among the ferrite particles are proportional to the 

XnsSi bTJ3kSS 222 J* SUrfaC6S - Th6Se SUrfaCe m39netiC flUX denSiti6S W « -magnetic flux 
aensit.es Bi and B2 on the so-called working points defined by the shapes of the particles and the aeometrv of th* 
second quadrant of a BH curve, as illustrated in Fig.!, .n other words. Zlargertte^H * liS plKSll£ 
theaaoS 

2S5S? amon9 partides ' rt is favorable 10 decrease * e bHc and reduce 1,16 *< uareness * 

field^™™* ^"S " 1™^ be u 6aSily 6XPeCted th3t the lar9er the maanetic mome "t in a certain external magnetic 
.5 Id ISSUES" /I aCh,6Ve ^ N9h ° rientati0n 01 ferrrte partic,es durif1Q the compacton in the magnetic 
of hem thfS^ 

?hln Th«P S!£ i havmg uniaxial magnetic anisotropy may be soft-magnetized temporarily and apparently. 
SngmeSJ e '^^'^rray be used as suc^ in the form of magnetic powders fo^ 

40 n^^ff ° UrVe 01 ° ne ParBCle d6piCted Fi9 - 1 may be o" 8 '"** *V Prediction alone. This is because that of one 

and Te sUsTvi* %LT* b6CaUSe m problems arise in connecti ° n SSSSiiS 

™JS ^ ^ u * to / ts , measuremen t- that reason, the BH curve of one Sr ferrite particle was anticipated tor each 
EX22h 6 '! 9ht ? thS exp 2 erimental data alea "«l by the pulverization of the M type Sr feS^gTlSn 



Anticipation of the magnetic agglomeration force of one particles 



Magnetization Curves 


A Ratio of Agglomeratio Forces 


B Ratio of Aggloweration Forces 




Bo(G) 


(BO 2 ) 


Bo(G) 


(Bo 2 ) 


1 


3760 


1.00 


3360 


1.00 


2 


3630 


0.93 


3240 


0.93 


3 


2840 


0.57 


2440 


0.53 
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f^f^llEJT ( T inSta ^ 6 ' J APP ' PhYS - V ° L 531 Na 7867 < 1982 » «*« to the measurement of Ba 

hoSfaSfJ m " ^ 3r 5, r ^° rtS 1,131 1,16 ^ Curves thereof have much irT * rov6d squareness. This appears to 
is S 1 * BH CUrV6S ' anfci P ated in consideration of these, are illustrated in F&3. If iHc 

aJZ?£Tth»' ^ fj*" 6016 ? that bHc=Br ■ ° n the oth « r "and. if iHc is smaller than Br. then bHc=iHc . Now 
5 assume that the particle takes a columnar form. Then, when the ratios of height (L) to diameter (D) are 1 and 0 5 the 

?^n? H t J* ! nS,ty ( ^ } 01 1,16 PartiCle iS considerab, y reduced ^en Hc=2.4 kOe whatever forms it takei 
ZZ £L V ™V™ ^ ^ ^ bendi " 9 *** « the "Wtato. curve is shifted from the working 
5?JS£I£5 f ' . 8 ,S 3 COns,derab,e dr °P of Br " T*» critical Point lies roughly at bHc=3 kOe in the case 
J^l JhTrS 2? ? 5 te r ined fr ° m Fi9 " 3 - ThUS> * iS expected that because <* bHc=iHc • j Hc of the particle 
nrS^hLln ^ P^ 6 * 23 * 0 "- t*"*""* * is «*™ed that uniaxial anisotropy be kept intact). It fe also 

mfoJ St . . S ,S 5 ^ e * m0fe ' b6CaUSe the final P urpose 01 * e P resent inverrtio^is to obtain a permanent 
Z?2I^? * TTl" - 1,16 5 ° ft - ma9netized ^ aes be a 9 ain retur ^ t° nard magnetism at the lateTsC 
T ,° Part ' Cle dUrin9 com P action lies Generally the range of 0.5 to 3.5 kOe and that of 
- 5 the M type Sr femte particle in particular lies in the range of 1 .0 to 3.0 kOe. 

th* H ea Z B 10 ^ M ! m . 1hese is to introdu ce strain in the particle by mechanical pulverization. In this case, it is preferred 

£?t?£ To^T^T' rt Stra : n !" T B ( ^° 6) P ' ane ? PaTme NeS in the rano - 6 ° { » ™, particularly 

2x10 to 10X10" 4 and more particularly 3X10" 4 to 7 x 10" 4 , as measured by X-ray diffraction 

„ o o JT" 8 pr0cedures ^ ave 066,1 k" 0 *" for tne quantitative determination of strains by X-ray diffraction, but it is pref- 

SSLS ZT l ?^ h "? # SeParati0n b6tWeen CryStal,ite Size and Sfrain Hurler analysis by Wanen and 

Z^Z tfiSSS' . -f! 9e ? 5 (1950)) 01 numerous dif,raction planes of 1,16 hexa 9° nal terrt6 - 

the stram < eL in the (206) plane matches best with the magnitude of iHc. Then, using Sr ferrite annealed at sufficiently 

tSZEZZZXJZ "IT f amP ' e ' *' ^ <eL2> " (2 ° 6) P ' ane iS aCCOrc,in 9 to » 6 —222 

literature mentioned above or other literature such as Clav Science 18 4 1 44-1 51 ( 1 978) 

that the amoum of changes of .He with respect to temperature is reduced is achieved as well. The temperature coefficient 
mavteufJ^ 

, J 1 ' to t rt may be reduC6d in si2e by P^erization after calcination. When such a coarser ferrite 
, SSTil 1 ?*? m S ' Ze y Pulverizati0n - •* iHc is 'ower than about 3.5 kOe, it is not always re^uirS to 
redu ce that iHc. However, strains are introduced in them by pulverization 

strains ilS SI^p"' for , inStanCe - * is preferred to ^ out *y pulverization, thereby introducing suff fcient crystal 
strains in the particles. For pulverizers used for dry pulverization, a dry type vibration mill, a dry type attritor (a media 

Son 3" 3 V ^ ° r ^ " MPn,Bnl may be US6d ' bUt th6 ^ Pr6ference is t° using a dry Se 

1 thmZZS, 65 ^^f* 1 Until the BET SpeCi,iC ""^ areas are increased 10 ab «"t 2 to 10 times as large. 
£22* E ^ !i!° 6 J P ' aneS CTyStal Strains rt - ^ ^ 3x1 °- 4 to 7x10-1 In this case, the dry-pulverized 

EX^iT" T ameter of ^ 01 to 1 Rm and a BET "P 60 ^ 0 surface area of 4 to 10 ^9 

the CV of particle diameters maintained at 80% or less, esp., 10 to 70% 

arJ^T' dry "Pj; lver iz6d powd6rs 3/6 usuallv w et-pulverized. Thiswet pulverization enables theBETspecificsurface 

esTTo o 7oU 3 BET K S P ecrf,c suriace area of 6 to 12 rrr^/g. whi , e the CV is maintained at 80% or less. 

ZS; VI - m ' S W6t P ulver,2ation - crystal strains are increased, and the final ferrite particles are regulated 

? C in am ° Unt ° f StrainS 01 1 °" 4 ° r more - 11 is no,ed that sucn **» am °" n ts or HcTay Te 
21?^! ^, 1° S ' ,S alS ° " 0ted th3t aft6r the com P |e tion of pulverization, the os lies at 50 to 75 emu/g and 

f j£S2f « 6 * 9 0356 01 M tyPe Sr ferrite Particular For such wet P^erization. a ball mill, an attritor. 
a vibration mill or other equipment may be suitably used. 

for J^lT' f PeCt f * e J> resent i^ention. it is preferable that an organic solvent is used as the solvent for a slurry 
tor such wet pulverization. The organic solvents used include: 

turpentjhe J on* rb0nS ^ * indUStria ' 9aSO ' in6, kerosene - c/clohexanone. toluene, xylene, ethylbenzene and 

and moSrorobtnz^ne 003 * 0 " 8 ^ ™ 1 - 2 - dibromoetnane - tetrachloroethylene. perchloroethylene. dichloropentane 

anol. pS^^SS^Je? 6 " 018 ^ 8therS 35 3lC ° ho1 ' n " bUtyl alCOho1, Cyc,ohex - 

acids and esters such as butyl acetate; 

polyvalent alcohols and their ethers and esters such as ethylene glycol; 

aldehydes, acetals and ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone and cyclohexanone- 
nitrogenous compounds such as ethylene-diamine; 
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sulfur compounds such as carbon disulfide; and 
paint thinners such as lacquer thinner. 

2^°nf e n? t Tn be US6d ^ f miXtUre - * iS CaSe ' SUCh an ° r9anic solvent or solvents should preferably have a 
r™2 , 1 k ° PS :. eSP - 0 4 10 1 5 ^ 31 2 °° C - ™ S enaWes "Wfibility or the degree of orientation of the 
; compact to be much considerably improved. Preferably, the organic solvent has a vapor pressure of 1 to 200 mmHgat 
20'C and a bo|hng point of 50 to 200-C. .t is also preferred that m 

the slurry and the ferrrte particles account for 10 to 90% by weight of the slurry. 9 
For such wet pulverization, at least one surface active agent should preferably be added to the slurry The amount 

1 B i^r? ™ material P 0 ^ 6 ^ 9eneral ' surfactent is 50 amphiphatic that rt can be adsorbed 
IJJSS"™ ? fe l rrte PartC,eS 01 the raw P^^ 8 in the s,urrv solubilized in the organic sotemTeJin 
ofSf » JT , ' ** USUa " y inC,Ud8S 3 hydrophilic 9roup ca P able of bei "9 ^Lbed onto the^urfacS 
frlrr^t^ > l"?*!" M " {f * draphobic > group capable of dissolving in the organic solvent used. TrTea K 

s ufJT T J* ^ Paramet6r (SP ^ ° f 1,16 SUrtaCtant used is approximate to that of the organic sohvert 
s us^.ltisalsopref^ 

adso^bon and solubilization give rise to micelle formation, which in turn enables the primary particles to be well dis- 
Z iO? pulverization - ^ nen> dispersion is wet^ompacted in a magnetic field, whereby the 

degree of orientation is much considerably inproved. 

, US6 madS ° f a " Surface active agen,s includin S cationic. anionic, nonionic and amphoteric surfactants but 

ESTSTJ! 9 T t0 . US,n9 3 iU,toe aCtiVS 39ent COn1ainin 9 a1 ,6ast one « ^saturated fatty aS having 

about 4 to 30 carbon atoms or its satt. esp. . carboxylic acid or its acid, for instance, stearic acid, oleic acid^nc stearate 
SSTJ?^ TTT Stearate " terium Stearate ' -^aanese stearate, aluminium stearate. zinc oleate. calcium 
oleate. strontium oleate, banum oleate. manganese oleate. aluminium oleate and ammonium oleate. Of these, the most 
preference ,s given to usmg the fatty acid, in particular, the calcium salt of stearic acid, because desolvation during the 

' ^S^S^TVf d ° in9 dam39e 10 me d69ree * 0rientation - 80 that the «™ot crack. In the 

tn ? « n/!^3 5^?^ ' , • tor , instance ' this «*P«« t0 ba because its compact decreases in density from 3.0 g/m 3 
l m t ' 1° ! nt ,S " keiy 10 bS r6leaSed therefrom - ln Particular, it is also possible to disperse such effective 

2lJ o ^ ma! L POS !; b ^ b6 add6d t0 1he temte ' SUCh as Ca ' Ba " Sr - M > Cr ' Cu - Z ". Mn ' Co and 71. around each 

■ lurtlct^ ° f ° r0aniC materia,S C0ntainin9 0,056 e,ements < metal ««• <* orgwic 

nn?n?Sf £ 1 881,8 u° f the fatty aC ' dS mentioned ^a). In addition, use may suitably be made of at least 
■** " tha> SUHateS ° r thSir BaH * P***— or their salts, aliphatic amine salts or the* 
quaternary ammonium, aromatic quaternary ammonium salts, pyridinium salts, imidazolium salts, betaines aminocar- 
boxylic acids, imidazoline salts and naturally occurring surfactants. 

th J f8U * a s "^ce active agent is added to the slurry of the raw powders in the organic solvent for wet pulverization. 
addedTo TiT^^S 35 T h fof W6t compac,ion - Alternatively, the surface active agent may be partly or wholly 
added to the calcined powders during their dry pulverization that is carried out prior to the wet compaction or by itself 
lr^w?h J! 3CtiVe f 96nt and 0r9aniC SOlver,t may be added t0 * e dry-pulverized powders to prepare the 
t JZ !l Z ■ COmpactlon - ln ertner ^se, since the surface active agent is allowed to exist in the slurry during the 
wet compaction ,n a magnetic field, the effect on improving the degree of orientation of the compact is achieved as is 
S^^hL! L Pr6S !? inV !^° a "° ,ed th3t in what amoun1s the surfece active a9ent is "sed at the respective 

81ep i™ yb ^ 

According to another embodiment of the present invention, the wet pulverization mentioned above is carried out in 
another solvent, wh.ch ,s then substituted by the organic solvent mentioned above prior to the wet compaction. For the 
o°wS^l°w c PUlVe H riZati ° n ' "* ° nly are the or9anic s°'vents mentioned above usable, but water or a mixture 
of water with solvents is surtably usable because of their handleability or for other reasons. At this time, the amount of 
the raw powders in the slurry during wet pulverization lies at about 10 to 70% by weight. However, it is understood that 
alZ r °rr r er I , l the l e9ree ° f orientation of the com P act is achievable by adding the surface active agent to the 
£ ? S wet / COm P ac1,on ' and this ^ the reason the solvent is substituted by the organic solvent. For solvent 
SJTS^S^ decantat,on or other Procedure may be applied, while the raw powders are magnetically main- 
tained. It is noted that this wet compaction may follow dry compaction. 

When the wet pulverization is done with a solvent that is different from the slurry solvent used for the wet compaction 
and is preferably of an aqueous type, followed by solvent substitution, it is required that the surface active agent be 
sent in the amount mentioned above durina the final wet mrmartinn t« thie «„h «, . ^ " . ._ . 



for the fi^lTJZ^JP PU J Ve ^f ° n ' W6t pulveri2ation and final s'^ry preparation steps. In either case, the slurry 
?n«i hJZ m C ° mpact,on snould be re 9 ulated such that it contains the organic solvent in an amount of about 5 to 
30% by weight and the raw particles in an amount of 70 to 95 % by weight 

in « Hi"? suriactant^containing final organic solvent slurry has been prepared in this manner, the slurry is corrpacted 
in a magnetic field. -while the organic solvent is removed from it. The solvent may be forcibly removed under reduced 
pressure as usual, while the compaction pressure may lie at about 0.1 to 0.5 ton/cm 2 and the applied magnetic field 
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may be of the order of about 5 to 15 KG. The degree of orientation, tr/ls, of the obtained compact is 78% or more for 
instance, lies at 79 to 84%. Such a high degree of orientation is achieved for the first time by using the organic solvent 
with the surface actve agent; in other words, this is not achieved by adding the surface active agent to an aqueous slurry 
, ♦„ ^L* 3 ^ 6 C ° mpaCt iS heat - treated at a temperature of 1 00 to 500'C in the atmosphere or nitrogen to decompose 
at \^J^^^J^° eritlV fof rem0VaL Thea MS C ° mpaCt iS Sintered in the atmosphere, for instance. 
SIJSSS^LLL* . 1 ' eSP "- 1 160 10 120 °° C f ° r 0 5 10 3 hOUrS ' hereby various forms of anisotropic 
ferrite magnets according to the present invention are obtained. 

• SEMindicates that the obtained magnets have a mean grain diameter of about 0.5 to 0.9 fim with the CV of 80% 
or less, and their s.nter.ng densities lie at 95% or more, esp, 96-99%. in terms of relative density. In the case of the M 

H^H C MT95% Part ' CU,ar ' ^ ^ ^ 4400 G ' te 4000 t0 4200 ° e ' fe lr/ ' S ^ ° r m0re ' 97 " 98% ' and te 
According to the second aspect of the present invention, mechanical strains alone are introduced in the particles 
m*™^* K°f t0 my SUrfaC6 aCtK/e agent ^ alreadv mentioned, pulverization is done in wet or dry 

« £ II St l Vent the S,U,Ty that iS P referab| y wet-pulverized, however, preference is given to using water or 

aJ?T i 50 1 beCauSe they are easy t0 handle ' For wet Pulverization, the solvent accounts for about 10 to 
90% by we.ght of the slurry, and accounts for 30 to 90% by weight of the aqueous slurry in particular. The ferrite particles 
account for 10 to 90% by weight of the slurry, and 10 to 70% by weight of the aqueous slurry in particular 

If such a water or aqueous slurry is wet-pulverized, then the slurry can be wet-compacted as such. As mentioned 
above, the calcined powders may be dry-pulverized prior to the wet compaction. AHernatively. the solvent may be added 
20 to the dry-pulvenzed powders to prepare a slurry for the wet compaction. In addition, the wet pulverization mentioned 
above maybe done in another solvent different from that of the slurry for the compaction, and prior to the wet compaction 
the solvent used for pulverization may then be substituted by water. The solvent substitution may be done as by decan- 
tation while the raw powders are magnetically held. H is noted that for this wet compaction, dry pulverization may have 
been done in advance. In either case, the final slurry for the wet compaction should be regulated such that it contains 
25 the solvent such as water in an amount of about 5 to 30% by weight and the raw particles in an amount of 70 to 95% 
by weight. 

It is noted that when the aqueous slurry is wet-pulverized, a dispersant is preferably added to it during the pulveri- 
zation. Preferable to this end are high-molecular dispersants, and the most preference is given to one based on ammo- 
mum polycarboxylate. It is also preferred that the dispersant is added to the raw powders in an amount of 0.1 to 1% by 
30 weight. ' 

After the surfactant-containing final organic solvent slurry has been prepared in this manner, the slurry is compacted 
in a magnetic field, while the organic solvent is removed from it. The solvent may be forcibly removed under reduced 
pressure as usual, while the compaction pressure may lie at about 0.1 to 0.5 ton/cm 2 and the applied magnetic field 

3S .^n^ 0 r ??f ♦ °l a ^ Ut 5 tQ 1 5 • 7716 degree 01 "Nation. Ir/ls, of the obtained compact is 70% or more, for 
jo instance, lies at ri to 74%. 

After that, the compact is heat-treated at a temperature of 1 00 to 500»C in the atmosphere or nitrogen to decompose 
the components in the slurry sufficiently for removal. Then, this compact is sintered in the atmosphere, for instance at 
a temperature of 1 150 to 1250'C. esp.. 1 160 to 1200°C for about 0.5 to 3 hours, whereby various forms of anisotropic 
ferrite magnets according to the present invention are obtained. 
40 ^ ^indicates tnat the obtained magnets have a mean grain diameter of 1 .0 jim or less. esp.. about 0.5 to 0 9 urn 
with the CV of 80% or less and their sintering densities lie at 96% or more, esp., 97-98%. in terms of relative density. 
In the case of the M type Sr ferrite in particular, its Br can be 4200 G. its iHc 4100 to 4300 Oe. its Ir/ls 93% or more 
esp. . 94-95%, anditsHk/iHc90to 96%. 

45 EXAMPLES 

In the ensuing description, the present invention will now be explained at great length with reference to the examples 
Examples 1-3 and Comparative Examples 1-3 
Set out below are the starting materials. 
so Iron oxide (Fe 2 0 3 with the primary particle diameters lying between 0.1 and 0 5 tim) 
Strontium chloride (SrCl26H 2 0, first-grade reagent). 
Sodium carbonate (Na 2 C0 3 , guaranteed reagent). 

Then, 1 0.0 kg of iron oxide (FezOg) and 1 . 1 2 kg of sodium carbonate (Na 2 C0 3 ) were pulverized together with 28 
ss 2?, «u W Sf ' ^ 5 a " attrit0r Subse ^ uent| y- 5 liters ° f ^ aqueous solution of 3.51 kg of strontium chloride 

ss (SrCl26H 2 0) were added dropwise into the attritor containing the slurry mentioned above, followed by a further one-hour 

pulverization, during which 

the reaction 

SrCI 2 + Na 2 CQ 3 -* SrC0 3 4- + 2NaCI 
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occurred, giving rise to the precipitation of very fine strontium carbonate, which was then mixed with the iron oxide 
particles with high accuracy. This slurry was washed until the NaCI content was reduced to 0.5% or less followed by 
dehydration, drying and granulation. The particles were then calcined at 1 1 00°C in the air for 3 hours to obtain calcined 



The magnetic properties of the obtained powders were measured with a sample vibration type magnetometer (VSM) 
The results were that as =71 emu/g and iHc=5.5 kOe . The observation of them under a scanning electron microscope 
(SEM) revealed that they have a primary particle diameter of about 0.5 »m with the CV of 20% and a BET specific 
surface area of 3 nr/g. 

The calcined powders were pulverized by the process shown in Fig.4. To this end. stearic acid was used as the 
surfactant and toluene as the organic solvent. More specifically, the powders were dry-pulverized by a dry vibration mill 
or ball mill until the specific surface areas of the ferrite powders reached 9 to 12 rrfrg (Examples 1 & 2 and Comparative 
Examplesl-3). At this time, strains were introduced in the ferrite powders by pulverization, whereby the iHc was reduced 
from 5 5 We to 2.2-2.6 kOe. When stearic acid was added to the calcined powders for pulverization by a dry vibration 
rod mill (Example 1 and Comparative Example 3). 2.0% by weight of stearic acid were added to the ferrite powders 
together with 0.6% by weight of Si0 2 and 1 .9% by weight of CaC0 3 - By the addition of stearic acid, the ferrite powders 
were substantially unlikely to be deposited onto the inner wall of the dry vibration mill or the rod, so that removal of the 
ferrite powders could easily be achieved. 

After that, a toluene slurry (having a ferrite content of 33% by weight) was pulverized by wet ball-milling (Examples 
1 & 2). Another sample was prepared by the wet ball mill pulverization of a stearic acid-containing toluene slurry (Example 
3). In Fig.4. there are also illustrated the processes of Comparative Examples 1-3 in which no stearic acid was used 
and pulverization took place in water. It is noted that in all the processes the amount of stearic acid added was 2% by 
weight and this was true of the addition of SiO z and CaC0 3 as well. The ferrite powders of Example 1 after ball mill 
pulverization were observed by means of SEM, and about 200 crystal grains were measured in terms of their sizes. As 
illustrated in Fig.4. the results were that the mean particle diameter is 0.25 urn and the coefficient of variation is 40% 
Also, the magnetic properties of the powders of Examples 1 -3 and Comparative Examples 1 -3 after wet ball mill pulver- 
ization were measured by VSM. The results are set out in Table 2 



Table 2 



Properties of Powders 


Sample Nos. 


Properties of Powders After the Completion of Wet Pulverization 




os (emu/g) 


iHc (Oe) 


BET Specific Surface Area (m 2 /g) 


Comp. Ex. 


1 


61.0 


2340 


10.7 




2 


62.0 


2380 


9.1 




3 


59.0 


2220 


12.4 


Example 


1 


62.0 


2240 


10.4 




2 




2410 


9.0 




3 


59.0 


2220 


9.3 



Thus, the iHc of the powders after pulverization was reduced, but the strain in the (206) plane of each ferrite powder 
was found to be 4x1 0" 4 to 7x1 0" 4 or more by X-ray diffractometry and calculation according to Warren and Averbach's 
method. From this result, it is evident that the larger the strain, the lower the iHc and the cause for the iHc reduction is 
the strain introduced by pulverization. As a result of the iHc reduction, the temperature properties were increased as well 

The concentration of ferrite in this pulverized slurry was regulated to about 80% by weight by suction filtration While 
the solvent was removed from the slurry, it was compacted in a magnetic field of about 13 kG into a columnar member 
of 30 mm in diameter and 15 mm in height. The degree of orientation of the columnar compact was largely improved or 
reached as high as 80% by the addition of stearic acid and pulverization carried out in toluene, as set out in Table 3 It 
is noted that no improvement in the degree of orientation is achieved, even if stearic acid is added to an aqueous slurry. 
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Degree of Orientation of Compacts (Ir/ls) 


Comp.1 


Comp. 2 


Comp 3 


Example 1 


Example 2 


Example 3 


72% 


69% 


80% 


80% 


72% 


80% 



^J;"'* 16 com P acts of Example 1 and Comparative Example 1 were sintered in the air at 1180«C for 1 hour It is 
noted that the compact of Example 1 was sintered after well degreased in the air at 1 00 to 400»C for stearic acid removal 
The P'°Pertes of the obtained sintered compacts were estimated. As illustrated in Table 4, higher magnetic properties' 

Xse^lfm JSm 431 ? ° 6 -r r6 ° btaina1 ' ^ C ° mpaCt Sint6red 31 1180 ° C acco * in 9 ^Exer^e 1 we"e 
a .? I ' n tefmS 01 StrUCture ' 30(1 3001,1 200 "V 5 ™ 9 rains *ere measured in terms of their sizes. 

As illustrated in F.g.5. the results were that the mean grain diameter was 0.67 urn and the coefficient of variation was 42%. 



Table 4 



Properties of Sintered Compacts 


Sample Nos. 


Br(G) 


iHc (Oe) 


Ir/ls (%) 


Sintering Densities (g/cm 3 ) 


Comp. Ex 1 


4120 


4310 


91.5 


4.98 


Example 1 


4350 


4310 


97.4 


4.96 



out in Ttblf5 0CeSS ^ Examp ' e 1 ' thS am ° unt 0f Stearic acid added 10 raw Particles was varied. The results are set 



Table 5 



Sample 


Amounts of Stearic Acid Added (% by weight) 


Compacts lr/ls(%) 


21 


0 


62 


22 


2 


78 


23 


4 


78 


24 


6 


79 



45 



Example 5 



In the process of Example 3. a compact that had been pulverized in toluene with the addition of stearic acid was 
well degreased at 100 to 400X in the atmosphere and then sintered at 1 1 70 to 1 180'C for 1 hour in the atmosphere 
Tne obtained magnetic properties are set out in Table 6. 
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Table 6 



Sintering Temp.(°C) 


Br(G) 


iHc (Oe) 


Ir/ls (%) 


Sintering Densities (g/cm 3 > 


1170 


4320 


4470 


98.4 


4.93 


1180 


4390 


4230 


98.7 


497 



Example 6 



of^e^l^ 

of Example 3 oleic acd was added, all in the amounts of 2% by weight with respect to the ferrite powders 

nrJL-UT k E J anPle 1 " the d6greeS ° f orientation <* compacts obtained by using toluene. MEK, ethanol and 

SSLTJI-^^ST* * ^ SStimated - reSUltS are Set out in Table 7 ' ln a " *• ca ^ degree of 
orientation as high as 79% or more was achieved. 



Table 7 



Surfactant 


Time of Addition 


Solvent 


Compacts 




Organic solvents 








for slurry 


Ir/ls (%) 














Vapor pres- 


boiling Point (°C) 


Viscosity 










sure (mmHg) 




(cps) 20°C 


Zn Stearate 


Dry Pulverization 


Toluene 


81 


22 


110.6 


0.587 


Ca Stearate 


Dry Pulverization 


Toluene 


80 


22 


110.6 


0.587 


Oleic Acid 


Wet Pulverization 


Toluene 


83 


22 


110.6 


0.587 


Stearic Acid 


Dry Pulverization 


Toluene 


80 


22 


110.6 


0.587 


Stearic Acid 


Dry Pulverization 


MEK 


80 


78 


79.6 


0.423 


Stearic Acid 


Dry Pulverization 


EtahncJ 


79 


43 


78.3 


1.22 


Stearic Acid 


Dry Pulverization 


Acetone 


79 


180 


56.5 


0.30 



oartteta X^«J< 6 f 6Ct 0< Pr6Sent inV6nti0n dear - 11 is noted that ,he sha P es * * e 

aSe aoeni £i22?» ! V? T% * * 08e ° f Examp ' e V the cases where the surface 

SZXZSZ ? the wet-pulverized powders and the particles were pulverized with a water slurry, followed by 

Solvent Substitution simi ar offor+e u>cro nht>>i n /v< ' ' 



solvent substitution, similar effects were obtained. 
Example 7 



Set out below are the starting materials. 

Iron oxide (Fe 2 0 3 with the primary particle diameters lying between 0.1 and 0 5 am) 
Strontium chloride (SrCI 2 6H 2 0. first-grade reagent). 
Sodium carbonate (Na 2 C0 3 . guaranteed reagent). 

litorc^f"' ]°'°^ ° f ir ° n (F6203) 3nd 1/12 k9 ° f SOdium cart >° n ate (Na 2 C0 3 ) were pulverized together with 28 
SS "SS ? ^ attrit ° r a*"*"""* 5 ,rters °< a " a ^eous solution of 3.51 kg of strontium chloride 

pulven^ 
the reaction 



SrCI 2 + Na 2 C0 3 -» SrC0 3 i + 2NaCI 
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°^ r f' 9 ™"? ' ise t0 the P^Ptotion of very fine strontium carbonate, which was then mixed with the iron oxide 

522 55 aCCU '?! y " 1 "* ry W3S W3Shed Urtil 016 NaCI content was reduced t0 0 5% or less, followed by 
dehydration and drying. The partides were then calcined at 1 100°C in the air for 3 hours. 

The magnetic properties of the obtained powders were measured with a sample vibration type magnetometer fVSMl 
The results were that as = 71 (emu/g) and iHc = 5.5 (kOe) . magnetometer (VbM). 

j. ™ e ^ervatonor them under a scanning electron microscope (SEM) revealed that they have a primary particle 
diameter of about 0.5 urn with the CV of 20% and a BET specific surface area of 3 m 2 /g 

The principles teach that the smaller the iHc of the pulverized powders, the more preferable the results For that 
reason, the magnetic properties of the powders obtained under varied conditions by a different pulverization procedure 
pTerTza^ 

ureJ^TZ^^ZJ!?*, redUCt ' 0n ' th6 X " r8y diffraC,i ° n ° f ,emte powdere havi "9 varvin 9 iHc «** 
th!? a 2 r I* 6 (2 ° 6) P ' aneS W6re ca,culated bv w *™n and Averbach's method (Fig. 7). This revealed that 

pii Slton S 1,16 iHC> ^ 50 * e reaS ° n thS iHC r6dUCti0n belieV6S * * e S ' rains in ^"SdTy 

H-Jr! S?I a ? d "l^- 2, ^ Wl ? e 0 ' ,errHe P 3 ^ 0165 Wh0se iHc ' s ^ were P"**** 1 under ^ Pulverization con- 
dit.ons with a dry vibration rod mill. Four hundred (400) g of each type of ferrite powders. 2.40 g of SiO, and 6 00 g of 

o^^^tl^^^Z 2 0 ,iterS ° f W3ter for 70 minutes b * means of a wet thus finely 

pulverized powders have such properties as set out in Table 8. 



Table 8 



Sample 


Conditions for dry vibration rod mill pulverization 


Properties of the completion of time pulverization 




Throughput (g) 


Time (min) 


os (emu/g) 


iHc (oe) 


SBET(m 2 / g) 


81 
82 


1000 
150 


30 
20 


60.9 
59.9 


2840 
2330 


12.5 
13.1 



m J£ Z 5? 1 J* pulver,2ed s,urrv wet^ompacted in a magnetic field of about 1 3 KG into a columnar 
f! mm d Jf meter and 15 mm in hei 9 ht - Subsequently, this compact member was sintered in the air at 
1 1 80 C for 1 hour, and the properties of the resultant sintered compact were assayed. The results are set out in Table 9 



Table 9 



Samples 


Br(G) 


iHc (Oe) 


Ir/ls (%) 


Hk/iHc (%) 


Sintering Densities (g/cm 3 ) 


81 


3940 


4280 


89.9 


88.0 


4.94 


82 


4040 


4220 


92.6 


91.5 


4.92 



As will be appreciated from this table, the degrees of orientation of ferrite particles are improved by decreasing their 
iHc at the stage of the formation of a magnetic field, resulting in an improvement in Br 

rSN n n iIZ e Ti° n °L Sam £' e 2 WWl 3 decreased iHc - 0 4% °» an ammonium polycarboxylate salt type dispersant 
(SN D,spersant 5468 made by Sanopuko K. K.) were added to ferrite particles, while they weref inely pulverized by means 
of a wet attritor (Sample 3). Set out in Table 1 0 are the properties of the powders after the completion of the puhverization 



Table 10 





Properties of Powders (with the addition of dispersant) 


Sample 


Conditions for dry vibration rod mill pulverization 


Properties of the completion of time pulverization 




Throughput (g) 


Time (min) 


os (emu/g) 


iHc (oe) 


SBET (mZ/g) 


83 


150 


20 


59.9 


2360 


12.0 
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After that, a sintered compact was prepared as mentioned above, and its properties were assayed. The results ai 
!t out in Table 11. 





Properties of Sintered Compact (with the addition of dispersant) 


Samples 


Br(G) 


iHc (Oe) 


Ir/ls (%) 


HWiHc (%) 


Sintering Densities (g/cm 3 ) 


83 


4180 


4250 


94.4 


96.3 


4.93 



As will be understood from this table, further improvements were so introduced in orientation that higher properties 
than ever before can be obtained. 

Example 8 

Sr ferrite powders (as=71 emu/g and iHc=5.5 kOe ) prepared as in Example 7 were pulverized by means of a dry 
vibration mill. Changes of the magnetic properties of the powders having a decreased iHc by pulverization strains 
JwSJIrT 8 UP ° n temperature were measured in the range of -100 to +150°C by means of a vibration magnetometer 
(VSM). As a resuft. some considerable improvements were obtained in this regard, as shown in Fig.8. 

INDUSTRIAL APPLICABII I TV 

According to the present invention, the degrees of orientation of compacts are much considerably improved and 
very high magnet properties are obtained, as already mentioned. It is noted that with a water slurry, such an effect is 
not achievable at all. even when any surface active agent is used for wet compaction in a magnetic field 



1 . A process for producing an anisotropic ferrite magnet by compacting a slurry containing particles of the raw material 
for sa.d ferrite magnet and an organic solvent in a magnetic field while removing said organic solvent to obtain a 
compact and sintering said compact, wherein: 

a surface active agent is allowed to exist in said slurry, thereby improving the degree of orientation of said 
compact. 

2. A process for producing an anisotropic ferrite magnet as recited in Claim 1 . wherein said slurry is obtained by the 
wet pulverization of a slurry containing the starting powders of the particles of the raw material for said ferrite magnet 
and said organic solvent. 

3. A process for an anisotropic ferrite magnet as recited in Claim 1 or 2, wherein the particles of the raw material for 
said ferrite magnet or their starting powders are prepared by the dry pulverization of the calcined powders. 

4. A process for an anisotropic ferrite magnet as recited in any one of Claims 1 -3, wherein said slurry is prepared by 
the wet pulverization of the starting powders of the particles of the raw material for said ferrite magnet and then the 
substitution of a solvent by said organic solvent. 

5. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 2-4. wherein said surface 
actjve agent is added to the starting powders of the particles of said ferrite magnet prior to dry or wet pulverization. 

6. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 2-5. wherein said slurry is 
obtained by the dry or wet pulverization of the starting powders of the particles of the raw material for said ferrite 
magnet and then the addition of said surface active agent or said surface active agent and said organic solvent. 

7. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1 -6. wherein the particles of 
the raw material for said ferrite magnet in said slurry have a mean particle diameter of 1 fim or less. 

8. A process for producing an anisotropic ferrite magnet as recited in Claim 7. wherein the coefficient of variation of 
the particle diameters of the particles of the raw material for said ferrite magnet is 80% or less. 
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9. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1 -8, wherein cryslal strains 
are introduced in the particles of the raw material for said ferrite magnet with the iHc reduced to 3.5 kOe or less. 

1 0. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1 -9, which has a mean grain 
s diameter of 1.0 urn or less with the coefficient of variation reduced to 80% or less. 

11. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1-10. wherein the degree of 
orientation expressed in terms of the ratio of saturation magnetization to residual magnetization is 96% or more. 

io 12. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1-11. wherein the degree of 
orientation of said compact is 78% or more. ^ 

13. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1-12. wherein said surface 
active agent contains a metal element added to ferrite. 

15 

14. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1-13. wherein said surface 
active agent is allowed to exist in an amount of 0.1 to 5% by weight with respect to the particles of the raw material 
for said ferrite magnet. 

so 15. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1-14, wherein said surface 
achve agent is adsorbed onto the surfaces of the particles of the raw material for said ferrite magnet in said slurry. 

16. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1-15. wherein said organic 
solvent has a viscosity of 0.3 to 2 cpsat20°C. *^ 

25 

17. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1-16, wherein said organic 
solvent has a vapor pressure of 1 to 200 mmHg at 20°C. 

«, 18 ' A f ° r ^ Udn9 an anisotr °P ic femte ma 9"et as recited in any one of Claims 1-17, wherein said organic 

so solvent has a boiling point of 50 to 200°C. ^ 

1 9. A process for producing an anisotropic ferrite magnet as recited in any one of Claims 1-18, wherein during the wet 
compaction, sa.d slurry contains 70 to 95% by weight of the particles of the raw material for said ferrite magnet. 

35 20. An anisotropic ferrite magnet which has a mean grain diameter of 1.0 jun or less with the coefficient of variation 
being 80% or less and in which the degree of orientation expressed in terms of the ratio of saturation magnetization 
to residual magnetization is 96% or more. 
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FIG. 1 
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MAGNETIC MOMENT 



SOFT MAGNETIZATION BY 
INTRODUCTION OF 
PULVERIZATION STRAIN 
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F I G . 2 



DRY VIBRATION ROD MILL 
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F I G . 3 



©L/D=0.5 ©SPHERE ©COLUMN (L/D=1) 




PREDICTED MAGNETIZATION 
CURVES OF ONE PARTICLE 
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FIG. 5 
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